Mutations in the presenilin-1 (PS-1) gene account for a significant fraction of familial Alzheimer's disease. The biological function of PS-1 is not well understood. We report here that the proliferationassociated gene (PAG) product, a protein of the thioredoxin peroxidase family, interacts with PS-1. Microinjection of a plasmid expressing PAG into superior cervical ganglion (SCG) sympathetic neurons in primary cultures led to apoptosis. Microinjection of plasmids expressing wild-type PS-1 or a PS-1 mutant with a deletion of exon 10 (PS1dE10) by themselves had no effect on the survival of primary SCG neurons. However, co-injection of wild-type PS-1 with PAG prevented neuronal death, whereas co-injection with the mutant PS-1 did not affect PAG-induced apoptosis. Furthermore, overexpression of PAG accelerated SCG neuronal death induced by nerve growth factor deprivation. This sensitizing effect was also blocked by wild-type PS-1, but not by PS1dE10. These results establish an assay for studying the function of PS-1 in primary neurons, reveal the neurotoxicity of a thioredoxin peroxidase, demonstrate a neuroprotective activity of the wild-type PS-1, and suggest possible involvement of defective neuroprotection by PS-1 mutants in neurodegeneration. © 2002 Elsevier Science (USA)
Alzheimer's disease (AD) is a neurodegenerative disease with progressive memory loss and intellectual decline. Neuropathological hallmarks of AD include the presence of a large number of senile plaques and neurofibrillary tangles in the brain accompanied by loss of neurons involved in learning and memory. Significant progress has been made in identifying genetic defects causing familial Alzheimer's disease (FAD) or predisposing individuals to FAD. Analysis of the FAD families with linkage to chromosome 21 revealed the first gene implicated in FAD, the ␤-amyloid precursor protein (APP) gene (St George-Hyslop et al., 1987; Goate et al., 1991; Mullan et al., 1993) . Genetic studies suggest that allelic isoforms of the ApoE gene on chromosome 19 influence risk for AD.
Studies over the past several years have established that two transmembrane proteins, presenilin-1 and -2, encoded by the PS-1 and PS-2 genes on chromosome 14 and 1, respectively, play an important role in pathogenesis of FAD (reviewed in Selkoe, 1997; Czech et al., 2000; St George-Hyslop, 2000) . Studies of FAD-associated mutations revealed that mutations in the PS-1 gene may account for up to 50% of early onset FAD cases (Kim & Tanzi, 1997; Selkoe, 1997) .
Presenilin genes are expressed in many tissues, including the brain, and they encode transmembrane proteins with a large hydrophilic loop between the sixth and the seventh hydrophobic domains (Doan et al., 1996; De Strooper et al., 1997; Lehmann et al., 1997; Nakai et al., 1999) . The biological roles of PS-1 and PS-2 are still not clear, although they are implicated in the intramembranous cleavage of several transmembrane proteins such as APP, Notch, and Ire1p (Borch- 
